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1.0 INTRODUCTION

This report contains the pseudonoise (PN) code library for the
Tracking and Data Relay Sateliite System (TDRSS) Services. This
library has been defined as a result of work carried out by Robert Gold
Associates for NASA Goddard Space Flight Center under Contract
NAS 5-22548.

The code library contained herein is chosen to minimize user
transponder hardware requirements and optimize system performance.
Special precautions were taken to insure sufficient code phase separation
where required, to minimize cross-correlation sidelobes, and to avoid
the generation of spurious code components which would interfere with

system performance.

2.0 PN CODE LIBRARY FOR TDRSS

The PN code library for TDRSS services is listed in Table 1,
Eighty-five code assignments are identified, with each codé assignment
consisting of PN codes for all forward and return link channels and for
all modes of operation. Each user spacecraft will receive a code assign-
ment number which uniquely defines (via Table 1) a set of dedicated PN
codes. In what follows, the individual code libraries are described and
the use of Table 1 is illustrated.

When code generator feedback taps are specified in octal notation
in Table 1, the translati_on to actual feedback taps may be carried out as

illustrated in the following example.

Octal notation: 1022005
Binary: 001 000 010 010 000 000 101

18 13 10 2
X O +X +x 0+

Polynomial: x +1

The stage of the feedback shift register code generator which receives the
output of the modulo-two adder corresponds to the x term of the poly-

nomial; the next stage corresponds to the xz term of the polynomial, etc.



The jth stage of the shift register has a feedback tap if and only if the

J term of the polynomial is not zero.

coefficient of the x

Column 1 of Table 1 designates the user number to which is
assigned all the codes of that particular row.

Column 2 of Table 1 defines the user-unique initial conditions
in binary notation of stages 3 through 9 of the A register generating the
command channel PN code. The initial conditions for stages 1, 2 and 10
of the A register are always zero. (The stage that receives the feedback
from the modulo-2 adder is designated as the first stage.) The corre-
sponding ini:ial conditions for the B register are always 1001001000,
The Gold codes defined by these initial conditions will be balanced in the
sense that the number of ones in the code sequence exceeds the number
of zeros by one. As an example of the use of this column, the initial
conditions of the command channel PN code generator for user code
assignment 12 is illustrated in Figure 1,

Column 3 of Table 1 lists the octal representation of the feed-
back taps for the range channel PN code generator. As an exai‘nple, the
feedback taps for the code generator for user code assignment 12 are
listed as 1023103 (octal) = 001000010011 001000011 (binary) =
x18 +x13 +x10+ x9+x6 +x+1 (polynomial). The configuration of the PN
code generator for user code assign;nent 12 is illustrated in Figure 2.

Column 4 is an octal definition of the feedback taps for the Mode 1
return link PN code generator. The configuration of the PN code generator
for user code assignment 12 is illustrated in Figure 3. The modulo-2 sum
of the I channel code and the tap from the ninth stage of the shift register
is used as the Q channel code. The codes chosen have the following
properties:

(a) The phase difference between the I and Q channel codes will
be in excess of 20, 000 chips. The exact phase difference in chips between
these two codes for each user is listed in Column 5.

(b) The spurious codes generated due to filtering and limiiing of

the I and Q channel codes will be phase shifts of each of these codes.

-

g
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The relative phase between the spurious codes and the I and Q channel
codes will be in excess of 5000 chips.

Column 6 of Table 1 contains the octal representation of the initial
conditions for the eleven stages of the A register of the shift register con-
figuration generating the Mode 2 return link I channel code. The initial
conditions of the B register must be 001 (octal) = 0000000001 (binary) as
shown in Figure 4.

Column 7 of Table 1 contains the octal representation of the initial
conditions for the eleven stages of the C registér of the shift register con-
figuration generating the Mode 2 return link Q channel code,.

When the code pairs determined by the initial conditions of columns
6 and 7 are used for the I and Q channels of the Mode 2 return link, the
spurious Gold codes generated on these channels due to filtering and hard-
limiting will not be members of the code library of Table 1.

All Mode 2 return link codes are balanced.
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SPURIOUS CODES DUE TO FILTERING AND LIMITING
Introduction

The filtering and hard-limiting of a staggered quadriphase PN

(SQPN) signal can result in spurious PN sequences in the I and Q channels.

These spurious sequences may result in false correlation peaks whose

amplitude and phase will depend on the codes originally used on the I and

Q channels. This phenomenon was reported in [1] where a physical explan-

ation for its occurrence was described. In the section, we describe

techniques for the construction of TDRS code libraries for which this

type of interference is avoided.

3.2

Result:

Proof:

Analytical Description of the Phenomena of

Spurious Code Generation

In this section, we prove the following:

Suppose that a and b are binary (+1) sequences on the I and Q
channels, respectively, and that sequence b is delayed 1/2 bit

(SQPN). The spurious sequences which are generated on the 1

and Q channels, respectively, due to filtering and hard-limiting
are:

a«b.b

I Channel 1

Q Channel = b-a_l.a,

where b1 is the sequence b delayed by one chip and a_, is the

sequence a advanced by one chip.
The sequence a on the I channel gets amplitude modulation due
to filtering and hard-limiting when and only when the transition

sequence of b, namely b.b_, is -1. The output a,. of the 1

1 fL
channel after filtering and hard-limiting may thus be computed
as 1-(b-b,)
g = a[l +m(——2———-)]
= a1 +m'(1 -b‘bl)]
. | l  § i
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= ! - ' . .
g a{l+m')-m'a+b bl'

The spurious sequence out of the I channel after filtering and

hard-limiting is a«b-. b1 .

Similarly, the sequence b on the Q channel gets amplitude mod-
dulation due to filtering and hard-limiting when and only when the

transition sequence of a, namely (a.a,) ., is -1. The transition

1°-1
sequence in this case must be advanced one chip because of the

fL of the Q channel

after filtering and hard-limiting may thus be computed as:

e [1 - (1 - (az- a,)_, )]

b [1 + m'(l -(a- al)-l)]

b(l+m')-m'b . (a-al)_1 .

staggering of the sequence b. The output b

o
"

The spurious sequence out of the Q channel after filtering and

hard-limiting is b- a_j-a.

3.3 Results for Maximal Sequences

If the sequences ¢ and b on the I and Q channels, respectively,
are maximal PN sequences, then the formulas given in the above paragraph

for the spurious sequences on the I and Q channels become:

I Channel a. béb(l)

b

Q Channel . a_1+¢a(1) ’
where ¢a and éb are the shift-and-add functions of the maximal sequences
a and b, respectively.

If the sequence b is a proper phase shift b=a_ of the maximal

T
sequence a, as in the case of the Mode 1 Return link codes, then the above
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formulas for the spurious sequences become:
I Channel: a
o (7+3, (1)

Q Channel: a .
T+ (-1-T+9 (1)

3.3.1  Selection of the Mode 1 Return Link Code Library

The Mode 1 Return Link codes were selected from the 7776 maxi-
mal PN sequences of period 218-1. The following three crite.ia were
imposed on those sequences which were selected for the TDRS Mode 1
return link library.

(a) The number of feedback taps required by the shift register
generating the sequence is at most 8.

(b) The modulo-2 sum of the output of the ninth and eighteenth
stages of the shift register, which is used as the Q channel code, differs
in phase from the output of the eighteenth stage, which is used as the I
channel code. Table 2 contains a list of 128 codes meeting criteria (a)
and (b). Column 1 of Table 2 contains the feedback taps for the shift
register generators in octal notation. Column 2 of Table 2 contains the
minimum absolute value of the phase differences between the two codes.

(c) The maximal code and its phase shift, which are used on the
I channel and Q channel, respectively, result in a spurious code.

The spurious codes which appear on the I and Q channels are
both phase shifts of the original codes on these channels. The codes
chosen for the TDRS library were such that each of the spurious codes
differs from the original codes by at least 5000 chips. The formula for
each of the spurious codes was given above in terms of the original code
a used for the I channel, its phase shift a; used for the Q channel, and
the shift-and-add function of the code.

For each code selected, the following inequaliti- s were satisfied:

A = |¢a('r+ 6, (1))| > 5000

¥

O RPN A v 1
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B = |1'+ ¢a(-1 - ‘r+¢a(1))l > 5000
C = |7-¢a(1'+ ¢a(1))l > 5000
D = |¢a(-1 -T+ ¢a(1))| > 5000

The exact values for these quantities which represent the separation
between each of the spurious codes and the I and Q channel codes are

give in columns 3 through 6 of Table 2.



Table 2. Spurious Code Separation on I and Q Channels for Maximal

PN Codes
Feedback
Tap T A B C D

1000047 94672 899071 46572 68400 120899
1431503 35529 73642 10990 38113 46519
1012633 100097 71591 10792 90455 110889
1012715 37927 36653 100986 74580 123230
1010551 20125 70588 20535 90713 40660
1101063 127909 121432 40600 12802 87309
1010463 124686 71164 105604 53522 318353
1011267 48528 100201 2171 113414 46351
1010313 122601 97594 29931 25007 109611
1125611 130803 110527 94362 20813 36441
1010211 42628 4092 104344 46720 115171
1011333 121824 32249 42227 108070 79597
1010163 81188 49233 42378 31955 38810
1011533 61209 120461 126259 80473 74675
1010133 36812 124301 51122 101030 14310
1011553 66194 66314 27402 120 38792
1011347 53036 28176 28342 81212 81378
1116115 74458 116998 67722 42540 6736
1011261 104408 117487 87531 13079 70204
1011571 102103 118005 42205 15902 117835
1012527 97306 99310 74714 655217 22592
1012547 82029 7646 31783 74383 50246
1007705 88320 127211 46834 38891 126989
1012363 106369 77503 12219 8271 118588
1013525 43037 106473 69532 112633 26495
1201011 38185 35745 66444 73930 282359
1007543 117274 112079 639586 32817 80940
1013625 98985 2934 69777 101919 93381
1007501 46045 79330 71959 125375 25914
1014555 49892 52171 127574 22179 84677
1007417 91623 61619 85635 30004 84885
1716201 124677 112743 107348 11934 30118
1007315 124514 118034 97016 6480 40613
1015037 25407 72334 63683 46927 382176
1007263 79938 84748 112181 4810 70024
1230121 53510 10542 15851 64052 37659
1014365 38428 11648 29760 26780 68188
1014475 33738 12811 8893 20927 42631
1007165 45941 44146 22232 90087 23709
1141703 30125 1249173 91583 948438 61458
1007121 57531 113575 57062 56044 464

16
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Table 2 (continued)

Feedback
Tap T A B C D

1021553 26391 108868 117098 126884 118654
1001705 83753 1156 3456 84909 87209
1020277 22264 78516 49064 100780 71328
1001661 59945 18884 29994 41061 39939
1017611 113772 347917 50703 789175 63069
1001651 106789 106999 34083 210 121271
1017511 103124 78712 46784 80307 112235
1001631 65712 116272 77798 50560 12086
1017311 58281 127059 116337 76803 58056
1001625 112199 303 128769 112502 211175
1017161 123092 122573 999384 519 39067
1001607 77447 288 72712 77159 4735
1017071 25412 44340 119670 18928 117061
1001567 130143 107134 40714 23009 89429
1016705 95338 109774 3869 57031 91469
1021473 95661 130065 13754 364117 81907
1021475 111502 74499 61587 37003 89054
1001453 62504 3834 57152 586170 119656
1133015 74581 38260 84248 112841 103314
1001427 130092 52159 111397 79892 " 18695
1101533 91020 92236 454179 1216 45541
1001361 94465 130782 55137 36317 112541
1402335 928179 87112 78947 5767 13932
1001253 39646 80534 74193 1201°0 34547
1301323 25494 711738 85506 97232 111000
1001165 128965 42198 638917 90980 65068
1015631 115634 113704 33036 32805 82598
1001141 25409 29125 120390 54534 127799
1025051 78323 88542 794317 952178 104383
1001023 103808 69049 18623 34759 122431
1021355 42612 16253 106684 58865 64072
1010615 98036 129971 130493 34136 33614
1021363 271178 89845 116555 117623 88171717
1000757 77032 86262 26119 9230 50913
1060065 110203 76345 58589 33858 93451
1010741 75695 486172 129881 124367 54186
1205651 982175 14939 109980 113214 11705
1000743 39070 10743 35679 49813 3391
1021237 25929 60652 4856 34723 30785
1000621 87745 46969 39633 127429 48112
1530521 125022 102429 117511 22593 12610
1000517 1211793 114231 37410 26119 102940
1021273 69616 57251 59068 12365 128684
1000407 61200 97605 129487 103338 71456

iy e
—
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Table 2 (continued)

e o

Feedback
Tap T A B C D

1324243 80029 120933 104897 22894 24858
1000355 86513 26328 98844 60187 76786
1020753 . 60361 63651 415 3290 59946
1000347 56667 60953 69200 4286 12533
1020771 105837 78433 77517 77873 78789
1000333 47180 87301 107958 40121 60778
1032067 25351 55549 91916 80900 117267
1000201 131066 65543 103253 65534 25813
1017243 55015 50209 116896 105224 61881
1000173 44889 63689 104930 18800 60041
1017261 27451 123602 2029 111080 25422
1011055 122484 83516 15647 56143 106837
1016435 111283 79067 108352 32216 2931
1000077 50633 22399 90459 73032 121051
1016561 74848 124695 13476 62600 88324
1000743 39070 10743 356179 49813 3391
1002031 25966 89999 18895 115965 7071
1002061 118080 29509 34328 88571 83752
1002075 53402 1541 279173 51861 25429
1002133 44099 18763 21782 25336 65881
1002171 77081 18733 65585 95814 119477
1002211 127440 73780 101224 60923 33479
1002441 87008 117880 121608 308172 34600
1002623 26908 33839 56636 60747 83544
1002705 123686 81303 122913 42383 773
1002741 61389 35562 37406 96951 23983
1003011 116324 123251 61815 6927 54509
1003035 104186 11708 79811 115894 2435
1003053 56674 88670 47747 116799 104421
1003451 64366 105487 33997 92290 100363
1003461 100841 22023 62563 122864 38278
1003521 112683 17377 74519 130060 38164
1004073 129297 81429 13735 47868 119111
1004163 707517 35315 93182 35442 98204
1004205 117105 535176 19897 63529 125141
1004313 105605 33792 122434 122746 16829
1004455 73891 18375 639091 55516 4800
1004545 61333 59745 52380 121078 8953
1004623 35112 118949 47688 83837 12576
1004643 24800 4063 30665 28863 5865
1004645 98791 43137 108322 55654 - 9531
1004711 96374 9510 117598 105884 21224
1005035 70603 13936 86087 89539 15484




3.4 Results for Gold Codes

When two membhers of a family of Gold codes are used in SQPN,
then the spurious sequences which appear on the I and Q channel due to
filtering and hard-limiting are also members of the Gold family. More

precisely, we have the following.

Result: Let gi 2 a. bi} be a family of Gold codes generated by the
maximal linear PN sequences a and b. Suppose that, on the
I channel, we have the code gi and that on the Q channel, we
have the code gj . The spurious codes on the I and Q channels,
respectively, are

I Chamnel: g - 1*9bli-i+9p(1]

-1 -(j-i)- 1 1
Q Channel: gJ +¢b[(3 H-1+op! )].

Proof: Using the result of Section 3.2 with a= g1 and b= gJ. we have

the following expression for the spurious codes:

I Channel: asbeb

g-g- (g3>1

a'bi. a-bj . al'bj+l

. L3 . \
a, bi (bj bj+1'

a - (bi'bj+¢b(1))

81" bi+¢b(j-i+¢b(1))

gi- 1+8y(j-i+¢p(1))
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P Pres ()

a,’ bj+¢b((i-j)- 1+¢b(1))

ERERH (-3 - 146, (1))

Corollary: If the argument of the shift-and-add function in the above
expressions is zero, then the spurious sequence in the corre-

sponding channel is a maximal sequence.

3.5 Construction of Mode 2 Return Link Library

The code library for the M.de 2 return link consists of 85 code
pairs of period (211-1) selected from the members of a Gold family.
The first member of the code pair is used for the I channel and the
second member of the code pair is used for the Q channel. The code
pairs of the library are chosen so that the spurious Gold codes which
occur on the I and Q channels, respectively, due to filtering and hard-
limiting do not belong to the library of 85 codes and hence cannot cause
interference problems. In the following section, we show how the library

is constructed.
3.5.1 Code Library Equations

The spurious codes which appear on the I and Q channel, respec-

J

tively, when the code pair of the library is gi and g’ have been shown in

Section 3.4 to be:
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i-1+¢ [(j-i)+¢ (1)
I Channel Spurious Code: g b[ ) b ]

j-1+0, [-(j-i)-1+¢, (1)
Q Channel Spurious Code: gJ b[J éb ]

We first choose j and i such that the argument of ¢b in the expression

for the Q channel spurious code is zero. Thus, we have:

j = i-1+¢b(1).

cpb(l) is computed to be 1029 and hence we hzve:

j = i+1028].

This choice of j guarantees that the spurious code which appears on the
Q channel will be some phase shift of the maximal sequence a and hence
not a member of the code library.

With the above choice of j, the spurious code which appears on

the I channel is

i-1+¢p[29p(1)-1] i-1+¢,(10)
g = g

q)b(IO) is computed to be 1495 and hence we have for the spurious Gold

code on the I channel:

i+1494
g .

We now choose for the codes of the I channel the Gold codes

0o 1 465
B +8 s +0es 8

and for the corresponding codes of the Q channel

9 s 00y .

1028 1029 1493
g » 8

The spurious codes on the Q channel will always be a phase shift of the
maximal sequence a. The spurious codes on the I channel will be the

Gold codes
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g1494 1495 1959

» o ¢ 0

3.5.2 Generation of Gold Codes

In oruer to generate the Gold codes specified in Section 3,5,1, we

define a to be the maximal linear code generated by the polynomial

1+ x2 + x5 + x8 + x1 ! and having the initial conditions

0001 (octal) = 00000000001 (binary).

We define b to be the maximal linear code generated by the polynomial

1 +x2-l»x11 and having the initial conditions

0001 (octal) = 00000000001 (binary).

The Gold code go = a+b, for example, is thus generated by the shift

register configuration shown in Figure 5.

(N

.
b
_

Figure 5. Generation of Gold Codes
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The Gold code gk is generated by delaying the sequence b by k bits with
respect to the sequence a and multiplying the resultant sequences a and

b, to obtain gk = a+b

k k'

To obtain the initial conditions of the sequence b , we clock the

1
generating shift register in Figure 5 (2“-1) -1 times.

The initial conditions of the sequence b, correspond to the state

vector of the upper register of Figure 5 when it li(s clocked (211-1) -k
times. Thus, to generate the Gold code gk using the configuration of
Figure 5, we use these initial conditions for the upper register and the
initial conditions 0001 (octal) 2 00000000001 (binary) for the lower
regisier. The initial conditions required to generate the code pairs deter-
mined by the equations of Section 3.5.1 have been computed and are listed
in Table 3.

Table 3 contains a listing of the 466 pairs of Gold codes (specified
by the initial conditions of the registers A and C in Figure 4) determined
by the equations of Section 3,5.1. Each of the 466 code pairs in the listing
has the property that, if the first member is used on the I channel and the
second member is used on the Q channel, the spurious codes which result
from filtering and hard-limiting wiil not be any of the codes contained in
this listing. Those code pairs of Table 3 for which both members are
balanced are designated by * and the first 85 such code pairs were taken

for the TDRSS Mode 2 return link code library.



N et G

u e

Y

P

24

C] 256 %291 LLOE 2532 etk
a 9401 G311 Lewl 4201 st
8 9571 9201 2199 PAR L) oT¢
4 9221 ZbAh L0t 6020 s Q¢
3 %2921 9601 gEnle 2212 ' 1. X4
L %201 2bh 19%1 1501 L3 X4
d %201 9601 0EID 0cH»D sl
8 266 266 »1¢€0 oteo *92
@ 9201 Y201 I%1o9 %019 L4
L 68 5201 €900 Z2%Co LR X4
L 2hbh 2hk 1€02 1209 et
L 921 %291 $10¢c o102 2e
9 %291 5201 920%¢ 4001 12
S 255 5201 £09¢ 20%2 *02
4 9291 266 1081 1021 stl
] 9501 256 0%L90 0040 o1
S 9201 5201 09¢0 0529 L1
] 295 $201 0L190 0210 +91
Y 2h5 9601 %100 0691 +61
Y 246 5201 909 %29 o5l
Y 2221 9601 2100 2100 eE1
Y %201 266 L4002 5009 *21
] $201 Zh556 €00¢ 2002 s11
Y %201 9401 1051 1001 *0T
Y 9621 256 00%0 00%0 *6
L] %291 5201 00¢2 00290 8
13 %231 %9201 o9 (o0 gQta i
P4 %201 Hent 0909 0%02 9
1 9601 $201 0e00 0200 | K4
t 2h% 255 %120 oLdnN oy
1 9291 %201 Q209 %9290 t
o 255 4201 €000 2000 *2
o 9221 256 1032 1000 el
sJate g & 10§ sauQ 1 10 s3uQ [Puueyd » ouueyd | ared
pasuejeg  Jo Jaqunp Jo goqunpN

Jo JaqunpN

J0j SuUoIpUC) (enIY]

s[ouuey) & pue | J0} sJ1Ed Ipol) PIoH

‘¢ alqe]L



25

12
12
12
1¢e
0¢e
61
81
81
g1
81
81
Al
81
L1
91
61
LA
£l
el
£l
el
2t
A §
a2l
et
21
A
21
21
21
21
21
4
1T
o1
o1

VL OO
4t

255
920t
9501
»201
%201
L1201
254
920t
%Nl
2201
%291
2h%
%201
4201
9271
$20T1
%291
256
%201
9501
%291
255
9501
265
9601
3601
266
265
9201
265
265
266
%201
%201
265
9601
%201
%201
3631
2201
%201
256

%201
9501
ZAhA
2201
%20t1
%201
%20t
9601
266
9601
9601
cHh6
$20T
%201
$201
%201
9201
%201
Zhb
2565
%201
%201
Z26h
9201
266
%2901
256
%291
cbh
256
%201
266
%201
h201
9201
2hh
2201
201
9201
9601
9501
266

121¢
Ll
9¢9¢
L1¢el
L%50
£Q22
1lele
26451
9292
ETEl
G460
292¢
TETL
26%0
9220
el10
5%02
20t
11%¢
%091
20L2
T4el
094690
0Le0
%etlo
96720
L2200
1 g 24
GO0t
20oh1
109¢
00te
OhGE
299¢
otLe
Yele
@9.l¢
gLt
GLLT
3LL0
L¢80
LLNe

9691
LaeLe
£Esee
6961
2430
GEED
9612
L4901
ZEHD
6122
901¢
£hbe
1291
oL
9% €0
2910
1,00
2t 0<
9101
L0O%
€E02€E
1061
0%99
0ced
0510
%900
¢E0O
S19)
9002
€00t
t0%0
0022
0011
0yy2
0cat
01462
Y921
2262
1set
%240
2620
6210

xGL
rhl
*tl
2L
12
0L
*69
«59
*L9
«99
*GO
«¢459
€9
29
19
09
&6
«B86
26
«96
§S
«5G
€5
«26
2 &
04
k6
&89
«ly
£t9Yy
L X% ]
khy
€ty
2Yy
«¢TY
«0Yh
6¢
8¢
«lE
«9¢
*GE
ehe

[}



Y

IMMr [

o e

|

—

26

1¢
181
{t
1t
1€
1¢
e
1¢
0¢
o¢c
o¢
6¢
82
ac
82
8e
8¢
L2
92
62
62
G2
62
52
e
52
9e
%2
Yc
9?2
42
HZ
he
e
92
be
e
174
124
€2
£e
Y4

601
9691
%201
255

9401
9201
255

%201
9621
255

%201
%201
9601
%201
%201
255

»201
201
9271
256

9601
2656

96901
»201
265

9ent
9201
2291
9201
9201
9601
9501
9221
9201
9201
9691
%201

960T

2201
9601
LA !
»201

9501
9201
94701
9601
veol
9401
256

%201
%201
2ho

%201
%201
Y201l
9601
9401
chob

»201
%201
9201
%201
266

%201
256

9201
%201
256

9501
9601
266

9601
265

$201
Zbh

9601
9601
9501
2201
%201
266

9501
201
%201

A TR
1222
Olet
YLGE
9.9¢
lele
LGLl
L9L0
tLee
GL1E
9L91
LEQZ
LIge
L5961
£990
Teed
270§
994¢
€€
GIL1
9%L0
£E9E0
112
bid¢e
9tHE
LI9E
L4021
€E%l0
19¢2
2Lte
blbveE
9t9¢
LTLE
L9l
€£9L0
tLed
Ylie
9LHE
LE9E
LTLT
LHL0
€E9€¢

€062
|G 24
021
069¢
h2El
2642
5921
2e4q0n
6620
9212
€671
52950
giz2
6311
rA LAY
1229
otte
9901
22%2
111
9060
2%en
1210
0632
920t
2%z
6021
29060
1920
o212
0601
XA XA
22t
6962
A X4
125¢
05691
wate
26¢e1
6962
2L2¢€
GEGE

« 211
«S11
«GTT
el
»ETT
«2 1
x 111
c11t
«60T
«B801T
L01
901
«G01
*#450T
«€01
«201
10T
oct
éb
286
*lb6
«Gb6
«G6
b
'3
(4.
«16
«06
«68
«€8
B
2G8
*58
«H8
€6
«28
18
£08
«6l
*#8¢
lL
9l

B Rt T

3



I SPET—

L ra—

R N G

e v—

T AR AR ek S 5
on - -

5¢
5¢€
6t
6t
HE
le
Lt
LE
Lt
LE

9¢
5¢
GE
st
St
Gt
e
2
e
he
vE
b¢e
33
he
he
e
he
(A
€e
te
1)
e
Tt
1¢
1¢e
T¢c
| 93
193
e
le
132

9601
255
9601
HZN1
%201
3501
$201
9221
8201
33501
%201
9201
9501
255
95071
256
%201
265
H2ot
9631
9501
255
265
9201
2201
265
266
2556
"201
9501
¢hHh
%201
%201
9611
20T
93631
266
%201
2221
%291
2565
265

254

87201
266

%201
%201
%201
9601
9501
266

2ho6

%201
%201
8201
2501
9201
ébb

%201
»201
9601
9601
9201
9601
%201
2496

266

chb

%201
Zhb

%201
»201
Z6h

%201
¥291
%201
255

9601
9201
255

9501
g6n01
9601
%201

€ElE
GGh1
9290
teleo
sh1e
290¢
Teve
7191
902L¢
EYET
1960
0222
Helt
96%2
Le21
€150
6%22
221¢
154%¢
%291
c1eLe
SHET
2950
1229
helZ
2601
Leve
€12¢
5061
2%990
12g0
ost2
%901
ceye
6121
3050
£E»20
1ct1e
050¢
hZvte
219¢
50¢L€

2291
1122
hotte
29GE
1L9¢
Yell
96L2
L9ET
€450
GL22
9el€E
LGYE
2291
€eTLo
GYg2
29tle
1Ll5¢
LR ¢
Q1L2
LYETY
€969
1222
hele
9G65¢€
L29¢
elLt
G%L0
29¢c?2
12171
9L%0
9¢20
L1192
L2
£20€
IS At
%090
Z0ed
1%10
0902
0c01
»1%2
90271

¢EGY
#8671
$l6T
961

o1
«9GT
*xe61
¢261
161
#0661

6451

651
«l5H1
+947
*+G64H1
«vy1

£vl
*22%1
«151
LAL B¢
«6€l
«BET
€l
«GeT
x6t1
*thel
«cel
¢2ET

Tet
«0€l
2621

B2l

Let
«921
«621
€121
¢CcT
~“22.
121
«021
*+6171
*811



ARt m =

[ e

v e W b > b 100 1

M Y i e 1

TR

28

LY
Ly
LYy
LYy
Ly
LYy
9y
9y
94y
9%
Gy
Gy
G6h
SY
6%
GYy
GY
Gy
aY
vy
€Y
2y
2y
2y
2y
ch
%
%
14
1%
1y
14
Y
1y
3%
24
%
04y
oYy
0%
bt
5¢

2201
%2a1l
3601
9601
255
9201
266
%201
ZHb6
%201
9601
%201
265
501
%201
»201
$201
265
%201
%201
%201
265
LEAVR
»201
9431
%201
9601
201
9231
"201
hZot
$2071
265
%291
9301
93321
9501
%201
9301
©201
266
%201

2hh
256
2bb
LA
9601
9207
%201
chh
9691
%201
$201
2696
255
%201
26Hh
9501
266 .
Z6h
5201
2201
9201
%201
266
256
Zhh
©2071
%201
266
rALY)
266
chb
9501
265
5201
%201
256
%201
9501
266
%201
%2901
96071

L56¢
L9391
€eL0
GGEZ2
331¢c
ELYE
Ge9l
91L0
LHED
A
1.0¢
heyt
3192
L0el
€960
te22
(1170 84
hG6hYte
929¢
telle
6921
29L0
1L£0
Hlle
LOT
LEH2
L12¢
¢NSl
€590
teee
0461¢
Y94
2eoe
GlLe
9%Lt
€322
lite
wLsl
9L92
LEET
L4560
1922

21t
G9y%e
222¢
115¢
$491
222
16el
9360
2L29
e 10
9602
2201
R R M)
6022
201t
1%%¢€
0291
o1L2
Yeel
29462
1221
HE50
3620
L210
€602
G20¢
2i%1
5092
20¢ce
IVGE
0991
0€L?
b6l
9962
€Lzt
GeES0
9622
L2111
€690
5222
¢lltc
ShHHtE

«102
«002
s661
28671
«l61
961
«G61
«261
+EOT
<61
+ 161
«061
x681
«8871
«281
«987Y
+681
«901
€E6T
231
101
+081
621
a8L1
w2l
9T
«GLT
«9L1
«€21
«2L1
«+121
«021
691
861
«l91
«99¢L
0691
x591
«£61
291
191
«091

T et ey T i

e Vg

§ e ————n L e




e .Alh(lﬁ“‘-'hﬂm-‘nvnm

Lt s

L

FOPRR |

[ St mdw:mﬁmﬂwnLr' s

\

o CING

29

56
56
56
64
66
6
86
%4
B84s
84
8¢
LS
LS
LS
36
946
AT
96
96
94

P
3

A
€6
€4
€6
144
£y
£ES
129
26
16
[0 1
6%
89
By
8y
LY
LYy
Ly
Ly
IA
iy

[ TP —

»201
9501
2556

%201
255

H20T
2556

5201
2201
255

5201
25%

9501
5201
9601
265

93691
5201
9601
2071
%231
»201
9501
9601
256

LYkt
%201
9501
201
%201
%201
9231
%201
PgeYe]

9501
%201
Zhh

201
9231
9201
9201
$201

256

94601
Kent
9601
9601

9201

%201
296

93501
266

%201
2201
266

%201
9201
cb6

%201
2hb

256

»20T
%201
%201
»201
9601
»201
9591
9501
9601
%201
$201
$201
%201
9291
2201
266

201
%201
266

94601
265

266

9501

G101

90%0
€0<0

101¢

04%0D¢E

0eZve
019¢

Y0L¢%

chle
{ose
oLLl

vLLe
9Ll
LLs2
Lice
Lesl
L4630
L2€2
£EGalt
G991
2e30
GTeO
9912
€901
1ev0
9122
9211
gEyye
122¢
0161
hhge
2e2¢el
1662
$92¢
2eGt
569¢
9221
caLe
59ttt
clst
6L92
9¢ceeE

1in2
900¢
20%¢
109¢
00LT
o%ee
09¢cl
oLe?
9121
9¢¢62
Latl
L2460
€622
6ele
PAL A
6292
2lege
SHGE
2991
legee
hGER
3945¢€
tl9c
GELY
94640
L9ED
eL12
6L0¢E
AR At
L1932
L0¢gg
£Eysl
1990
(012334
»611
9942
geecel
5150
9422
E211
ts4%0
hee?

reEh2
«2%2
«142
« 082
¢6€2
8E2
el e
«9€2
*6€2
sHee
1 2 4
elted
xT¢2
(0 34
«622
«622
22
€922
522
%22
£
222
«122
022
*61¢
+012
*212
«912
612
612
19 4
ct2
112
*«012
€602
802
*xl02
G902
«602
«502
«E02
4202

A B o

s

- .
L it b ¢ 1w

i Y

e

WO e T




UE—

 S—

e nen

N AP

A e s

B

v

R e BRI R o

30

YL
he
€L
(A
£l
2L
12
oL
69
659
59
89
L9
99

99
99
99
99
99
69
99
€9
e’
19
19
19
09
6§
65
56
66
6%
66
56
65
66
6%
54
66
66
6%

96971
%201
3621
2455

5201
%271
92901
9201
9601
255

%201
5201
$201
9c01
265

255

255

9621
265

%201
%201
4201
9201
2201
3601
9501
%201
2201
2h5

9601
9631
9601
255

9601
9501
%201
2201
%201
$201
9501
93501
2201

9601
291
%201
256

%201
K201
9201
%201
%201
9601
%201
%201
%201
%2l
9601
4201
ch b

%201
2hb

%201
9201
%201
9201
9<01
%201
9601
4201
%201
9201
2h6

9231
9601
9201
G401
%201
256

255

255

9601
256

%201
256

2dLl
1622
Yoet
LGt
GL9¢
9eLt
L6l
L9t¢E
€251
6290
9tece
LSTT
L9%0
geze
stle
CLL A
€292
11¢et
hhsl
2932
1cct
%660
3920
£EE10
6622
920¢
glye
6091
2040
1%€E0
09712
0L0t
WEYH2
9121
2062
1A X A3
1est
0599
%2€0
¢s10
$900
2€02

£E%62
192¢
otat
H692
92¢t
€662
692¢€
2e6l
6692
92¢¢
EGSE
6991
2tLo
56¢e0
9912
£L01
GEH»0
9122
L0111
€940
1¢ce
011¢
HYhhe
2293¢
11L€
Hell
29L2
Tiel
948D
9220
LET)
L4602
L20¢
€Tyl
60992
20ee
511
0949
020
4110
9400
€200

682
482
¢£62
282
182
g8¢e
L2
L2
€222
€922
6L2
L2
tdd
¥2L2
¢T1L2
«0L2
«692
*692
«l92
992
502
92
goe2
292
+192
«092
662
662
«lG2
«GC2
G662
«y G2
*€62
¥262
+162
*«062
2692
eB8%2
«l%2
€982
692
XX 7

P R



I

[

1

31

3¢}
ey
tuy
‘8
28
28
c8
28
28
28
28
13
13
18
18
18
18
18
08
bL
6L
6L
6L
5L
5L
6L
8L
8L
3L
BL
gL
LL
9L
¢
9L
9L
9L
9L
6L
L 7 A
LA
L 7A

%201
chh
2291
3601
265
2456
%201
9601
265
2565
%271
9501
96071
9691
%221
9201
9401
%201
%201
256
266
4. L)
9291
%201
501
%201
265
9601
<ab
2691
9201
%201
9501
%201
¢H5
2654
chb
9201
%2071
9501
9601
9501

oct1
0692
heel
2lse
6%21
2260
1629
vete
2601
Gehe
2lee
506¢t
2591
1242
0GEE
»96¢
2l9t
6tlE
9621
L9L2
€LEE
slst
9L90
LEEO
L6112
L90¢E
gENL
5190
30t2
ENTl
19%0
0ede
HT11
IHH2
£€cl
1160
hHd
ezt
15492
bele
clse
6§%9¢

LE91
L2120
Lye?
EQTE
eyt
2€30
91¢0
L4510
£902
TeoE
LA A
909¢
£t0el
1469
0922
oett
h6ue
az?1
£l16e
Sh2t
224l
1692
»ZEE
2646¢€
599¢
2eL
6612
99¢tE
£L5E
5491
9¢L0
LGEQ
VA 4
£20¢t
Gaenl
9190
20€0
eyte
190¢
0EHT
Y192
90¢eT

ellC
A02¢
G2t
£52¢
*tEl€
®22¢
«12¢
+(02¢€
«61€
«81l¢
L1€
*91€
«C1¢E
eHlg
«t 1€
«21¢E
e11¢
01¢
60¢
«80€
«20E
®«90¢E
«60¢E
¢H0¢
*e0¢E
20¢
«10€
«COE
«662
«B0€62
L62
962
*6062
eH62
*+€62
*262
«162
062
682
«g@82
2182
«982

-4 1

¢ e e e e

sttt 1 |

Jpr e

e RS

e

g

m——y




e Wt o

LRI PP ——

i

T T

AT € sy cava W A e

e

32

101
ae1
556
6545
66
66
66
55
86
Lo
96
66
b6
€6
t6
£o
£5
6
16
06
b8
88
L8
98

-

3

1]
58
68
68
G4
58
Gy
6«8
a8
68
68
68
k4]
2]
98
8

%201
%201
2656

2201
%201
%201
9601
9221
%201
2201
9201
%271
%201
266

%201
95901
9201
9201l
»2071
2221
%20t
%201
9201
42901
9601
he" 1
%201
9201
9Znt
%201
»221
%201
2ot
%201
%201
2h%5

%231
266

2201
3501
%201
9601

62171
®201
2201
9601
256

9601
266k

%201
%201
%201
%201
%201
%201
%201
csh

9601
201
H2ot
201
%201
201
201
%201
%201
5201
266

256

9601
96901
Zh6

9301
2h6

9601
Zbh

95901
9401
%201
%201
265

266

$201
%201

Y12¢e
3934¢
Ev9t
121
0640
$9E0
2L1o
¢L920
9¢02
L101
L0%0
€022
{01¢
o%%tl
029¢
o1el
LA 14
2acl
tead
¥G2¢
925€
€69¢
sZLl
26L0
$59¢€0
elle
gL01
9t %0
L1eo
L0012
gv0¢t
1241
0190
%0E0
2510
1300
0oe0e
%101
90%2
€021
1060
2522

otsnt
H092
20¢etl
1562
092t
oes¢
269¢
9<LE
ESLE
G9L1
2LLD
5L¢0
9L1
L0t
LE%0
Liee
L01¢
PR XA
1299
ote?
Y911
2942
Tel
%160
9929
ALY
1602
%20¢t
clat
609¢
20L1
522
09¢ce
0L46¢E
9i9¢t
JItLE
LGLE
9.1
€49
6L¢€l
ILlE
Live

66t
£9¢
$29¢
496G¢
*G69¢
«5 9
+£9¢
29¢
19¢
09¢
66¢
BGE
L6E
«3GE
$GG6E
[ 3235
€at
26¢
1¢¢
osg
6%¢
Eve
l%¢€
94¢
«eGYE
£hye
¢EHE
+25%¢E
«I1%€
¢0%¢
+tbLE
(3237
sltg
LR
*GEE
sHEE
EEE
s €€
«1€C
s0ceE
62¢
«82¢t

g




— e

P e

33

11
s1X
61T
9Il1
»11
211
ell
211
Ty
Tttt
it
Ity
11y
I11
Ty
oltl
601
801
401
901
901
901
901
301
401
901
901
901
901
901
901
901
Go1
%01
%01
%01
%01
€01
€01
€01
€01l
20t

9401
9601
Y20«
94571
255

%201
9201
%201
9611
9201
%221
255

255

266

%201
H2i1
%201
%201
%201
3901
n201
265

255

5201
%201
%201
%201
%201
9201
9201
92601
%201
201
9401
%201
2556

%201
94171
2201
265

v201
%201

%201
256

%201
%201
236

%201
%201
$Z0T
%201
2Hh4

chb

2h6

%201
66

%201
8201
»201
h2ol
9201
%201
9501
9601
9201
9601
9601
266

2h6

935601
256

9601
9501
$201
201
%201
256

266

went
201
9601
2hb

%201
%201

2022
ottt
[e%0
02ze
OI1l
Yuhe
cz2tl
1162
bvle
226¢
169¢
HelLl
26l
69el
2L40
6L29
Se12
L6011
L24%0
£E12e
60l¢
2hhl
1292
o1¢ce
hh6¢E
299¢
TELE
AT
9922
tlel
GL50
9222
LeT
L5650
Le222
EllE
G991
2290
L1e0
9512
2901
Teye

£LEQ
GL12
220E
LEHE
191
L0L0
12 2 4
19te
oLyt
Ye72
ITEl
L4562
£92¢
Test
%639
92¢c0
€610
6902
Ze0t
Glht
9091
gE0Le
15E¢€
09,1
02192
YeEl
9662
2921
£E€s0
66¢e
921t
EGhHE
629t
2lLo
$%€0
2912
1Lt
»e%0
9129
2010
€502
120¢€

*+11%
«C1y
€09
*+e 0%
.04
90y
S0y
0%
¢ 0y
&20Y%
«1Coy
+00%
+66¢
+86¢C
LGE
96¢€
GHE
hbe
€6t
xcb¢E
el bE
«0b¢c
1 EBE
®«:8€
*L8E
«GBE
*+GYE
*5H3¢
¢ EBE
+28¢
+18¢
0S¢e
6LE
¢0LE
sllt
*9LE
GLE
syl
sLlE
2t
1.¢
oLE

ot -

[Eep——

o vy

om0 e




34

~eet

221
221
2el
221
2zl
221
121
12t
1er
121
12t
121
oet
611
611
611
611
511
611
BT
811
811
311
BIT
8I1
BIT
Lt
LIt
L1t
11
L11
L1l
211
31T
S11t
911
SIt
9lt
611
SIT
611

265

%201
255

265

%201
265

5201
255

%221
9201
2201
266

%201
%201
9621
9201
%201
$201
255

2201
256

%291
%231
9201
201
9601
%201
96921
$201
%201
%231
9501
%201
9591
»201
2565

9501
265

%201
9601
5201
2585

H201
93¢91
9491
%201
266

9601
$20T1
»20T1
9601
94601
9501
9501
%201
9201
%201
266

256

2hh

9601
%201
%2C1
9601
9601
9601
9401
265

%201
%201
ése

9501
9601
9601
9201
%201
256

9601
$201
9601
%201
%201
9601
9501

5220
¢lL1e
%01
2Z%9
1120
%01e
2%01
12%2
otce
%05¢
2%9¢
1eLe
2621
%9L2
2Lel
Gl
L2t
LESE
L6991
2eLo
€6e2
691¢
2LHnl
Geg9e
91cE
LY9GE
€991
1eL0
Y6eE2
9911
£€LHe
6e2¢
91461
L4%92
E2EE
1681
$950
ZEEO
6610
9902
EEOT
S1%0

7I%EN
€910
| YR r4
hEDL
914t
L09¢
£€0LT
%20
03¢e2
oLttt
YiH2
9t 21
L1162
Lvlt
£dsl
1690
92t
25Tl
G942
celt
516t
9499t
| XY X4
16¢€€
5941
2492
SEEl
9660
1920
€etr2
§60¢
92%1
eEt9e
60¢tt
296t
1972
OoteE
%66¢E
999¢
€eLe
66L1
9920

+ESH
264
15y
«GG6Yy
ot HYy
B HYy
LYYy
sG8Yy
&GhHY
«hbHy
et hy
829y
15
0%y
sbHEY
+8EY
ity
LA AN
*GEY
HEeY
kCEY
« 2t
«1EY
¢s0LEY
262y
«82y
L2y
+92%
&£G2Y
«H2y
*E2Y
22
12%
+02%
«61%
*81Y
L1y
+91%
STy
ky 1Yy
sETH
*21%

BT s 4 e

3
1
H
1

l [PRvSeEE—

e

TR




o1

35

€2t
g2l
€21
E21
€21
€2t
t2l
£el
€21l
£Ect
1 3 §
1 2 §
€l

266

%201
9291
%201
9201
9501
2595

5221
9201
%201
»201
265

%201

he01
2656
9601
hb
266
9601
%201
9601
r4-1.}
9601
266
9601
%201

00451
0092
00¢t
o462
0921
%2¢62
9621
9262
€6cl
6260
2622
6211
26%0

Laze
LLEE
LGl
2299
le€e
L51¢
49491
€EE30
slee
951t
€9%¢
1€91
»1L0

+$99%
$69Y
«h9y
+E9Y
294
«19y
+09y
*+06Y
«86YH
®l6Y
+9GYy
*66Y

96y

ol

e
- EE—




36

4.0 SPECTRAL PROPERTIES OF FORWARD LINK COMMAND
CHANNEL AND MODE 2 RETURN LINK CODES

4,1 Introduction

One of the reasons for encoding transmissions in the TDRSS is
to achieve signals which satisfy flux density restrictions imposed by the
International Radio Advisory Committee (IRAC)., The maximal linear
sequences such as were selected for the encoding of the Mode 1 Return
Link are ideal .in this raspect since the spectral lines generated by such
codes are of uniform amplitude over the entire frequency band (except
at multiples of the code repetition frequency) and hence the spectrum
of the resultant transmissions consist of spectral lines which follow a
sinzx/x2 envelope.

! Since the pseudo noise codes which were selected for the forward
link command chanrel and the Mode 2 return link are Gold codes, they
are not maximal. The spectral lines generated by these codes are thus
not of uniform amplitude and hence it is of interest to compare spectral
lines of the signal resulting from the use of these codes with those obtained

using maximal codes of the same length.
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4.1 Description of Results

The spectra of the forward link command channei and Mode 2
return link codes were computed and, for each case, the maximum
spectral line was compared wi.h the maxiinal spectral line for the case

of 2 maximal pseudo noise code of the same length. The ratio,

[Fa)f () sin® @
P

10 10g ;;T m?x 3
) s
P
where a is the code and p is the code period, is a measure of the relative
performance of the nonmaximal code libraries in achieving low flux density
when compared with the maximal PN codes,
Table contains the above ratio (listed under the columns labeled

"Spectral Increase DB") for each user code for the forward link ccmmand

channel and the Mode 2 return link I and Q channels,

The computer program used to generate the forward link command
channel and Mode 2 return link codes and to compute the above ratio via

the Fast Fourier Transform is included in Appendix A.
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Table 4. (continued)
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APPENDIX A

COMPUTER ROUTINES FOR COMPUTATION

OF CODE PERFORMANCE
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